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Abstract 
The aim of the present study is to develop the biomass furnace combustor which can effectively use the compost as a 
fuel.  Here, the compost which is made from pig’s waste and has the calorific value of 2000 kcal/kg, is employed here.  
Emphasis is placed on the optimum conditions of fuel and air flow rates, moisture content of the compost and the 
corresponding combustion gas components and combustion gas temperature in the combustor.  It is found from the 
study that (i) the self-combustion takes place less than 40% of the compost’s moisture content, (ii) the effective 
combustion is induced using the fine particles of compost, i.e., the pulverized compost, and (iii) the steady-state 
combustion is maintained by the relationship of air and compost rate. 
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1. Introduction 
Biomass is an interesting energy source for several reasons.  This is because biomass energy can 
contribute to sustainable energy development.  And biomass energy can play an important role in reducing 
greenhouse gas emissions, because when produced and utilized in a sustainable way, the use of biomass 
for energy offsets fossil fuel greenhouse gas emissions [1].  
Meanwhile, livestock wastes which are taken out from the farm are classified into three types; solid, 
slurry and wastewater.  The solid type is treated by drying or composting and it is used not only as manure 
but also as a fuel for combustion.  
In recent years, due to an increase in the oil price, the livestock wastes are focused on as the biomass 
fuel because they are stably produced and its production cost is stable than that of the fossil fuel.  Thus, 
there is expanded interest in on-site biomass fuel production.  Bringing biomass fuel production to the 
farm-scale provides an opportunity for the agricultural sector to reduce their reliance on imported fossil 
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fuels while improving the soil, water, and air quality [2].  The corresponding combustion technology and 
device at the above scale can be employed.  However, the smaller scale farm can not utilize it due to 
transportation cost or other problems.  Thus, the technology of compact and low-cost combustor which 
can combust the biomass at a small scale, is substantially required.  
Until now, researches pertinent to the combustion using the solid fuel are often reported about the coal.  
It can be applied to solid biomass fuels such as livestock wastes because its combustion mechanism has 
been thought to be similar to that of solid biomass fuel [3].  In general, the three types of coal combustion 
methods have been conducted; grate combustion, fluidized-bed combustion and pulverized coal 
combustion. 
The aim of the present study is to develop the original combustor which consults the pulverized coal 
combustion method.  Consideration is given to the effects of waste and air flow rates on the combustion 
gas -temperature and -concentrations in the combustor. 
2. Experimental Apparatus and Experimental Method 
In order to make the livestock wastes employ as a fuel, the corresponding moisture content is too high 
for combustion.  Under the compost process, the livestock wastes are dried and its moisture content is 
reduced.  In other words, the compost attenuates the moisture content of the livestock wastes, resulting in 
enhancement of combustion condition, i.e., heat release such as pulverized coal combustion.  In this study, 
the moisture content of the livestock wastes that are produced in the real farm and its caloric value are 
measured.  The water content meter (A&D MF50) and calorimeter (SHIMADZU CA-4AJ) are employed 
here.  The fuels used in this study are made from solid wastes of pigs whose caloric value was about 
2150 kcal/kg from the pre-experiment.  The corresponding moisture contents are reduced to about 40% 
by the compost process.  In this study, the moisture content of the fuels is adjusted from 10% to 40%.    
Figure 1 depicts the combustion system which consists of furnace, fuel feeder, burner, and blower.  
The combustor is preheated for 30 minutes by the burner.  Here the pre-heating time is estimated by the 
pre-experiment.  After 30 minutes, fuels, i.e., composts are injected into the combustor and at the same 
time, the burner is stopped.  After that, the burner is used as the air-injection blower.  Its air rate is 3.0 
m3/min.  Blower, fuel feeder and combustor are connected by the pipe.  The fuels are fed by feeder and 
are transported to the inlet port located at upper of the combustor.  The fuel feeder can be adjusted feed 
rate from 1.0 kg/min to 4.0 kg/min by controlling the frequency of the current supplied to motor of the 
feeder.   Here, the feed rete is fixed on the 2.5 kg/min.  The air rate of the blower is fixed on the 3.3 
m3/min.  Thus, the total rate of the air by the blower and burner is 6.3 m3/s. 
Figure 2 illustrates the structure of the combustor developed here.  The fuel mixed with the air, a 
mixture of compost and air is injected to the upper inlet port of the combustor.  The inlet pipe is fixed at 
the lateral face of the combustor and in the circumferential direction.  Thus, the fuel-air mixing flow 
becomes spiral flow inside the combustor, resulting in amplification of combustion.  This structure plays 
an important role in a fuel drying and an extension of combustion time of fuel.  The swirling flow yields a 
sufficient floating time of the fuels and attenuates the deposition of unburned fuels at the bottom of the 
combustor.  After the ash is separated from the combustion gas in the combustor like a cyclone separator, 
the high temperature combustion gas is ejected from the top port of the combustor and the ash is corroded 
in the bottom of the combustor.  The combustion gas temperature inside the combustor is measured by the 
thermocouples whose tip is located at the center of the combustor.  The corresponding gas analysis of the 
combustion gas, i.e., the gas components, i.e., H2, O2, N2, CH4, CO, CO2 and N2O are analyzed with the 
aid of the gas chromatograph (SHIMADZU GC-8).  Emphasis is placed on the relationship between each 
flow rate (i.e., ratio of air to compost) and the production gas, particularly N2O.  Note that the experiment 
is carried out a few times at the same condition and all of the measured data are shown in figures.  Thus 
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the results at the same condition are distributed due to the measurement uncertainty because of the 
measurement accuracy of the devices employed here. 
 
Fig. 1. Combustion setup                                                              Fig. 2  Air and fuel flow in combustor 
3. Results and Discussion 
Combustion experiment was performed for the wide range of moisture content and air flow and fuel 
flow rates.  And it was found that except the 40% moisture content case, the fuel was perfectly combusted 
and the combustion gas temperature was stable, while that of 40% was unstably combusted (not shown).  
One of the results is illustrated in the follows. 
  Figure 3, for 30% moisture content, depicts that the stable combustion is kept because the combustion 
gas temperature at each location in the combustor is maintained as the time progresses.  Here, the 
locations of CH1-CH7 are depicted in the cross-section of the combustor.  Note that the combustion gas 
temperature can be easily controlled by the airflow and fuel flow rates.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Time history of temperature in the combustor at 30% moisture content with a pulverized compost 
 
The nest task is to study the effect of the air-fuel flow ratio on the O2 concentration and combustion gas 
temperature in the combustor.  Figure 4 illustrates the relationship of the O2 concentration and 
combustion gas temperature with the air-fuel ratio, as the parameter.   It is found that the optimum 
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condition of the air-fuel ratio is 3.6.  This is because the lower O2 gas concentration yields by the perfect 
combustion in the combustor and the combustion gas temperature is kept in the vicinity of 800oC-1000oC 
whose temperature corresponds to the suppression of the ash-combined material production.   
 
500
600
700
800
900
1000
1100
1200
0 2 4 6 8 10 12 14 16 18
G
as
 T
em
pe
ra
tu
re
 [㼻
C
]
O2 concentration [%]
6.9 4.2 3.6 3.2
 
Fig 4. Effect of air-fuel ratio on O2 concentration and combustion gas temperature in combustor 
4. Summary 
Experimental study has been performed to develop the original combustor, which can effectively 
combust the compost.  Consideration is given to the combustion gas temperature inside the combustor 
and the optimum operation condition.  The results obtained here are summaries as: 
I. Moisture content, compost can be combusted as a fuel and the combustion gas temperature is 
controlled by air-fuel ratio.   
II. The combustion condition is affected by moisture content condition and the lower one takes place 
a stable combustion in combustor.   
III.    Compost at 40% moisture content is able to be combusted, but the corresponding combustion 
phenomenon is unstable. 
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